QCD with N f =2 is a specially interesting system to investigate the chiral transition. The order of the transition has still not been established. We report the results of an in-depth numerical investigation performed with staggered fermions on lattices with L t =4 and L s =12,16,20,24,32 and quark masses am q ranging from 0.01335 to 0.307036. Using finite-size techniques we compare the scaling behavior of a number of thermodynamical susceptibilities with the expectations of O(4) and O(2) universality classes. Clear disagreement is observed. Indications of a first order transition are found. Preliminary reports of this work were presented at past Lattice conferences.
Introduction
The phase transition in N f = 2 QCD (m u = m d ≡ m) can provide fundamental insight into the mechanism of confinement [1] .
In the limit m → ∞ the system is quenched, the deconfining transition is first order, L is the order parameter and Z 3 the symmetry. However the coupling to quarks breaks Z 3 .
At m 0 the deconfining transition seems to coincide with the chiral transition. A transition line exists at intermediate values of m which is defined by the maxima of a number of susceptibilities (the specific heat C V , the susceptibility χ m of the chiral condensate ψψ , the susceptibility of L ) which all coincide whithin errors (see e.g. Ref. [2] ).
At m 0 a renormalization group analysis [3] indicates that the chiral transition is first order for N f ≥ 3, and for N f = 2 can be either first order or second order in the universality class of O (4) . For the latter case the transition is a crossover at m = 0, and in particular a tricritical point is expected in the T − µ plane [4] which could be observed in heavy ion collisions.
Various groups have studied this problem with Wilson [5] or staggered [6, 7, 2, 8, 9] fermions. No clear sign of discontinuities is found at least for the lattice sizes used, but no agreement either with the critical exponents of O (4) .
We investigate the issue using standard Kogut-Susskind fermions on lattices 4 × L 3 s with L s = 12, 16, 20, 24, 32 and lattice quark masses am q ranging from 0.01335 to 0.307036. In the present work we give our final results using our whole dataset collected on APEmille machines and a detailed analysis which is different in many points from the previous ones present in the literature. Preliminary reports of this work were presented at past conferences.
Analysis of the critical behavior
The order of a phase transition can be investigated by finite size scaling analysis. Near the critical point, for a second or a weak first order transition, the singular behavior is described by power law divergences according to universal critical exponents. The singular part of the free energy density F s is a homogeneuos function of the reduced temperature τ ≡ 1 − T /T c , the lattice quark mass am q and the size of the system L s :
There are two independent critical exponents: the thermal y t and the magnetic one y h . The other more familiar critical exponents are given by (d = 3 is the dimensionality of the system):
The numerical values of the critical exponents of interest for this work are given in 
In cases 2. and 3. we are not forced to fix y h so we are free to test all the critical behaviors of interest. The price for this is that we were forced to make additional approximations. Taking appropriate derivatives we find the relevant scaling laws for the thermodynamic susceptibilities 1 . In this work we concentrate on two of them: the specific heat C V and the chiral susceptibility χ m . Note that while the first quantity is always relevant, the second one is a good quantity only if ψψ is the order parameter: that is certainly true for m = 0 but may not be for m > 0. The expected behavior for the cases listed above are:
i.e. the peaks scale as a power of L s and the widths as L
peaks scale as a power of am q and the widths as am To test different scaling hypotheses we have performed a huge amount of Monte Carlo simulations, divided into three groups (see Table 2 ). The first two are called Run1 and Run2 and they satisfy the requirements of case 1 
Results
On the lattice the reduced temperature is expressed as a function of the parameters β , am q :
where a(β , am q ) is the lattice spacing. Expanding a in power series near (β 0 , 0) we obtain:
In previous works in the literature it was assumed that τ ∝ (β 0 − β ) thus neglecting the lattice spacing dependence on the lattice quark mass am q . The terms in Eq. (3.2) prove to be sufficient to describe the data of our simulations. There are two different way the pseudocritical temperature could scale:
. The expansion parameters and k τ or k τ can be obtained by fitting numerical data. The results are the following: there is no visible shift of τ c varying L s , i.e. k τ is always compatible with zero; data are equally well described by all the critical behaviors expected (first order, O(4), O(2), MF) if one includes in the expression of τ c the quadratic terms shown above; including only the linear terms the statement doesn't change if we restrict the allowed range of am q (see Ref. [1] ); taking τ c ∝ β 0 − β c does not describe the data in any mass range at our disposal for a second order while for a first order it is identical to keep only the linear mass term in Eq. (3.2) .
Having fixed the parameters for the reduced temperature τ (see Fig. 1 ) we can next consider the scaling of C V and χ m . We first consider case 1: using data from Run1 and Run2 we can check O (4) and O (2) (2) is quite similar). This clearly excludes these universality classes. To check other critical behaviors we consider the scaling of cases 2. and 3. We show in Fig. 3 the analysis of C V : similar considerations also apply to χ m . The second order critical behavior does not describe our data. The growth of the peaks is instead consistent with a first order. This is an indication for a first order transition. The widths of the curves seem to be described by the scaling of case 3 and not according to case 2. This means that the dependence on L s cannot be neglected. We have also explicitely observed consistent deviations from the scaling predicted in case 2. making simulations at two different volumes with the same am q , see Ref. [1] . In fact this is due to the presence of two ) as shown in Fig. 4 . Also in this case the first order behavior seems to describe well the data while the second order is excluded.
We have looked for metastabilities in the time histories as required by a first order transition: no clear evidence exists up to the lattice sizes explored.
Conclusions and outlook
We have investigated the nature of the chiral transition in N f = 2 QCD. By using the correct definition of τ on the lattice we have shown that it is not possibile to discriminate the order of the transition by looking only at β c with the present data. Studying the critical behavior at fixed am q L y h s we were able to exclude the second order universality classes, i.e. O(4), O(2), mean field. We found evidence for a first order transition looking at the scaling of thermodynamic susceptibilities but no clear sign of discontinuities. The magnetic equation of state also seems compatible with a first order transition. We plan to repeat the analysis at fixed am q L y h s for a first order transition employing an improved action and L t = 6 to reduce possible artifacts.
